Should We Emergently Revascularize Occluded Coronaries for Cardiogenic Shock (SHOCK) trial demonstrated the survival advantage of emergency revascularization versus initial medical stabilization in patients developing cardiogenic shock after acute myocardial infarction. The relative merits of coronary artery bypass grafting (CABG) versus percutaneous coronary intervention (PCI) in patients with shock have not been defined. The objective of this analysis was to compare the effects of PCI and CABG on 30-day and 1-year survival in the SHOCK trial. Methods and Results-Of the 302 trial patients, 128 with predominant left ventricular failure had emergency revascularization. The selection of revascularization procedures was individualized. Eighty-one patients (63.3%) had PCI, and 47 (36.7%) had CABG. The median time from randomization to intervention was 0.9 hours (interquartile range [IQR], 0.3 to 2.2 hours) for PCI and 2.7 hours (IQR, 1.3 to 5.5 hours) for CABG. Baseline demographics and hemodynamics were similar, except that there were more diabetics (48.9% versus 26.9%; Pϭ0.02), 3-vessel disease (80.4% versus 60.3%; Pϭ0.03), and left main coronary disease (41.3% versus 13.0%; Pϭ0.001) in the CABG group. In the PCI group, 12.3% had 2-vessel and 2.5% had 3-vessel interventions. In the CABG group, 84.8% received Ն2 grafts, 52.2% received Ն3 grafts, and 87.2% were deemed completely revascularized. The survival rates were 55.6% in the PCI group compared with 57.4% in the CABG group at 30 days (Pϭ0.86) and 51.9% compared with 46.8%, respectively, at 1 year (Pϭ0.71)
C ardiogenic shock is the commonest cause of death in patients with acute myocardial infarction (AMI) who reach hospital alive. [1] [2] [3] In the international, multicenter Should We Emergently Revascularize Occluded Coronaries for Cardiogenic Shock (SHOCK) trial, 6-month survival rates were similar with emergency revascularization and initial medical stabilization, but 1-year survival rates were higher with emergency revascularization. 4, 5 Overall, most survivors had good quality of life. 6 The protocol specified that patients randomized to emergency revascularization should have either percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABG) within 6 hours of randomization and within 18 hours of the onset of shock. Although recommendations were made with regard to selection of revascularization procedures, this decision was made on a case-by-case basis by site investigators.
PCI and CABG are generally considered complementary treatment options for patients with chronic stable angina, 7 but the relative merits and survival benefits of these procedures may differ in patients with cardiogenic shock. PCI has a lower procedural success rate in patients with shock than in those without shock, and many patients have complex 3-vessel disease that may be treated better with CABG. 8 -12 The benefits of CABG in patients with shock may include protection of ischemic myocardium with cardioplegia, ventricular unloading during cardiopulmonary bypass, and revascularization of noninfarct zones.
We therefore compared the demographic and survival differences of patients treated with CABG and those treated with PCI in a prespecified analysis of patients randomized to emergency revascularization in the SHOCK trial.
Methods
In the international SHOCK trial, 302 patients who developed cardiogenic shock within 36 hours of the onset of AMI were randomized to receive either emergency revascularization or initial medical stabilization. Eligible patients required either ST-segment elevation, Q-wave infarction, new left bundle-branch block, or a posterior infarct with anterior ST-segment depression on the presenting ECG. Cardiogenic shock had to be due to predominant left ventricular failure, and the trial excluded patients with isolated right ventricular infarcts and mechanical causes of shock. Shock was defined according to clinical and hemodynamic criteria including hypotension (systolic blood pressure Ͻ90 mm Hg for Ն30 minutes or need for supportive measures to maintain systolic blood pressure of Ն90 mm Hg), evidence of end-organ hypoperfusion, cardiac index of Յ2.2 L · min Ϫ1 · m Ϫ2 , and pulmonary capillary wedge pressure of Ն15 mm Hg. Coronary stenosis was defined as a stenosis of Ն50%. PCI was considered successful if Thrombolysis in Myocardial Infarction (TIMI) grade 2 or 3 flow was achieved with Ն20% reduction of the treated stenosis and a residual stenosis of Յ50%. 13 Complete revascularization with PCI was defined as successful PCI of all segments with Ն50% stenoses in the proximal halves of the right coronary artery, left circumflex artery, left main coronary artery, left anterior descending coronary artery, and any previous grafts. The completeness of revascularization in patients treated with CABG was judged by the surgeon at the time of surgery, and the proportion of myocardium at risk was estimated from the coronary jeopardy score. 14 Intra-aortic balloon pumping was recommended for all patients. Additional details of the study design have been published previously. 4
Protocol Recommendations for Revascularization Procedures
The protocol recommended that emergency PCI be performed only on the infarct-related stenosis and only in patients with 1-, 2-, or 3-vessel disease where the stenoses in 2 non-infarct-related arteries were Ͻ90% or were located in arteries supplying small branch vessels.
Patients with a left main coronary stenosis of Ն50%, Ն2 total or subtotal occlusions, stenoses of Ͼ90% in 2 non-infarct-related major arteries, or stenoses unsuitable for PCI were recommended to undergo CABG, as were patients whose PCI was unsuccessful. It was also recommended that patients with 3-vessel disease who had successful PCI of the infarct-related stenosis should be evaluated for CABG of their remaining stenoses before hospital discharge. The 7 patients who had both PCI and CABG were included in the PCI group for all analyses reported here.
Selection of Revascularization Procedures
Selection of revascularization procedures was individualized for each patient by site investigators. No data on how often the investigator's choice matched the protocol recommendations were collected. Each site had designated and approved interventional and surgical investigators.
Statistical Analysis
Patients who were initially revascularized by PCI were compared with those initially revascularized by CABG through the use of Fisher's exact test for categorical variables, the t test for normally distributed continuous variables, and the Wilcoxon rank-sum test for ordinal or skewed continuous variables. Logistic regression was used to generate adjusted comparisons of mortality and to assess interactions between the revascularization modality and other patient characteristics. Baseline characteristics included in the adjusted models were those that differed between treatment groups at the 0.25 significance level, ie, characteristics that were at least moderately imbalanced between the PCI and CABG groups. These included left main coronary disease, diabetes, previous AMI, infarct location, time from AMI to shock, and intra-aortic balloon pumping. Because of the high correlation between different measures of disease severity, only 1 severity measure was included at a time in each model. The Hosmer-Lemeshow test was used to assess whether any of the logistic regression models poorly fitted the data. Values of PϽ0.05 were considered statistically significant. SAS software (SAS Institute Inc) was used for all computations.
Results
Of the 152 patients with cardiogenic shock who were randomized to emergency revascularization, 5 did not have predominant left ventricular failure, and 5 died before cardiac catheterization. Of the remaining patients, 14 had no revascularization procedure for various reasons (Figure 1 ). Two of these patients died before revascularization could be attempted. Six had no significant stenoses, had TIMI grade 3 flow, or improved without revascularization; their survival rate was 83.3% at both 30 days and 1 year. Six patients had stenoses unsuitable for PCI or distal coronary arteries unsuitable for grafting; their survival rates were 33.3% at 30 days and 16.7% at 1 year.
The subsequent analyses included the 128 patients with predominant left ventricular failure who had emergency revascularization. The initial revascularization procedure was PCI in 81 patients and CABG in 47 patients ( Figure 1 ). Ten patients (7.8%) had their revascularization procedures (1 PCI and 9 CABG) beyond the 6-hour time limit stipulated in the protocol: 5 at 6 to 8 hours and 5 at Ն22 hours after randomization.
The mean ages of the patients were 64.8Ϯ10.2 years in the PCI group and 65.3Ϯ9.8 years in the CABG group (Pϭ0.75; Table 1 ). The other baseline demographics were also similar, except diabetes was more prevalent in the CABG group (48.9% versus 26.9% in the PCI group; Pϭ0.02) and the infarct location differed between the 2 groups (PϽ0.01) in that patients in the CABG group were more likely to have AMIs that were nonanterior or noninferior.
The median time from the onset of AMI to revascularization was shorter in patients treated with PCI (11.0 hours; interquartile range [IQR], 6.1 to 21.4 hours) than in those treated with CABG (19.1 hours; IQR, 10.4 to 30.5 hours;
PϽ0.001; Table 2 ). The median time from randomization to PCI was 0.9 hours (IQR, 0.3 to 2.2 hours), and the median time to CABG was 2.7 hours (IQR, 1.3 to 5.5 hours;
PϽ0.0001). Hemodynamics at the time of randomization, which were often measured while the patients were on inotropes and/or intra-aortic balloon pumps, were similar in the 2 groups.
Seven patients in the PCI group had CABG after their initial PCI (6 after successful PCI and 1 after unsuccessful PCI). In 6 of the 7, CABG was performed within 24 hours of the onset of shock (within 18 hours in 5 and at 19 hours in 1). In 3 of the 6 PCI patients who subsequently had emergency CABG, it was done as a planned, staged procedure after successful PCI on the infarct-related stenosis. The remaining patient had delayed CABG 15 days after the onset of shock. Table 3 describes the distribution of coronary disease in the 2 groups. Three-vessel disease (80.4% versus 60.3%; Pϭ0.03) and left main coronary disease (41.3% versus 13.0%; Pϭ0.001) were more prevalent in the CABG group than in the PCI group. There were also trends for the CABG group to have more occlusions and more stenoses of Ͼ90% in noninfarct-related arteries. Patients in the CABG group had a significantly higher mean coronary jeopardy score than those in the PCI group.
Coronary Anatomy and Details of Revascularization Procedures
In the PCI group, 69 patients (85.2%) had PCI only on the infarct-related stenosis ( Table 4 ). PCI was successful in 77.2% of patients, and complete revascularization was achieved in 23.1%. Stents were used in 30 patients (37.0%), and their use increased over time from 0% at the start of the trial to 74.3% in 1997 to 1998. Overall, the use of adjunctive glycoprotein IIb/IIIa inhibitors was low, with 0 being used at the start of the trial and abciximab being used in 71.9% of patients treated in the last 2 years of the trial. Of the 36 patients with 3-vessel disease who had successful PCI on the infarct-related stenosis, 3 patients subsequently had CABG within 24 hours. The details of CABG are shown in Table 5 . Cardioplegia was used in 86.1% of the 36 patients who had CABG after institution of a cardiac surgery data collection form partway through the trial. The mean number of grafts inserted during CABG was 2.7Ϯ1.1. Left internal mammary arterial grafts were used in 15.2% of patients. Complete revascularization was achieved in 87.2% of patients, and concomitant valve procedures were performed in 5.6%. CABG was performed in similar percentages of patients randomized between midnight and 7:59 AM (31%), between 8 AM and 3:59 PM (38%), and between 4 PM and 11:59 PM (37%; Pϭ0.90).
Survival
The vital status of all patients was ascertained at 1 year. The 96-hour survival rates were 65.4% in the PCI group and 80.9% in the CABG group (Pϭ0.07; Table 6 and Figure 2 ). Both groups had similar survival rates at 30 days (55.6% with PCI versus 57.4% with CABG; Pϭ0.86) and at 1 year (51.9% versus 46.8%, respectively; Pϭ0.71; Figure 2 ), and there were no differences in 30-day or 1-year survival in any subgroup (Table 7) . There was no indication that the association between the revascularization modality and 1-year mortality changed over the duration of the study (1993 to 1994 , 1995 to 1996 , 1997 to 1998 Pϭ0.69 ).
Severity of Coronary Disease, Revascularization Modality, and Survival
There was no association between the revascularization modality and survival in any category of disease severity (Table 7) . Of 29 patients with left main coronary disease, 10 had PCI and 19 had CABG; their 1-year survival rates were 30.0% and 47.4%, respectively (Pϭ0.45). Of 56 patients with 3-vessel disease but no left main coronary disease, 37 had PCI and 19 had CABG; their 1-year survival rates were 51.4% and 47.4%, respectively (Pϭ1.00). Of 39 patients with 1-or 2-vessel disease but no left main coronary disease, 31 had PCI and 8 had CABG; their 1-year survival rates were 61.3% and 50.0%, respectively (Pϭ0.69).
Three patients had PCI for a left main coronary stenosis. Two died within 96 hours, and 1 was still alive at 1 year.
Success of PCI and Survival
Patients who had successful PCI had higher survival rates at 30 days (63.9% versus 22.2%; PϽ0.01) and at 1 year (60.7% versus 22.2%; PϽ0.01) than those who had unsuccessful PCI. The 30-day survival rates were 60.0% in patients who had any stenosis stented versus 52.9% in patients receiving no stents (Pϭ0.64), and the 1-year survival rates were 56.7% versus 49.0%, respectively (Pϭ0.65). Patients with complete revascularization had survival rates of 66.7% at 30 days and 61.1% at 1 year versus 51.7% at 30 days (Pϭ0.29) and 50.0% at 1 year (Pϭ0.43) in patients with incomplete revascularization.
Success of CABG and Survival
CABG achieved complete revascularization in 41 patients (87.2%) and incomplete revascularization in 6 patients (12.8%). The survival rates were 63.4% versus 16.7%, respectively, at 30 days (Pϭ0.07) and 51.2% versus 16.7%, respectively, at 1 year (Pϭ0.19). 
Multipredictor Model for Survival
Adjusted mortality models showed that there was no difference in 30-day or 1-year survival between patients treated with PCI and those treated with CABG (Table 8 ). There was no significant interaction between the revascularization modality (PCI versus CABG) and the presence of left main coronary disease. Results were similar when other measures of disease severity (3-vessel disease, left main and/or 3-vessel disease, or coronary jeopardy score) were substituted for left main disease in these models (data not shown). In the adjusted 30-day mortality model, the area under the curve was 0.675, and the likelihood ratio probability value for the whole model was 0.096. In the adjusted 1-year mortality model, the area under the curve was 0.645, and the likelihood ratio probability value for the whole model was 0.242.
Discussion
The findings of this study suggest that PCI and CABG are complementary treatment options for emergency revascularization in patients with cardiogenic shock. Although patients treated with CABG had more extensive and more severe coronary disease than patients treated with PCI, they had similar survival rates at 30 days and 1 year, perhaps because CABG achieved complete revascularization in a greater proportion of patients than PCI did. It is interesting that there was a trend for 96-hour survival to be higher with CABG. This may have been related to the level of care provided in a surgical intensive care unit. Despite the protocol recommendations with regard to selection of revascularization procedures, this analysis was not limited by those recommendations because many patients with 3-vessel disease had PCI. However, the analysis was probably confounded because patients with 3-vessel disease who were treated with PCI had less severe coronary disease than those who were treated with CABG. In an emergency situation such as cardiogenic shock, investigators may have opted for emergency PCI on stenoses not ideally suited to PCI, knowing that although CABG might achieve more complete revascularization, PCI could be performed more promptly. PCI may also have been performed on patients with poor distal vessels. In addition, the further delay in reperfusion by CABG may suggest that more stable patients were referred for CABG and that very unstable patients were referred for PCI. However, this concept is not supported by the hemodynamic data, which were similar in PCI and CABG patients at baseline. Diabetes was more prevalent in patients treated with CABG than in those treated with PCI. The investigators' preference for CABG in diabetic patients may have been influenced by the findings of the Bypass Angioplasty Revascularization Investigation (BARI), 15 in which diabetic patients with multivessel disease fared better after CABG than after PCI. However, BARI predated the widespread use of stenting and glycoprotein IIb/IIIa inhibitors, and a 7-year follow-up of the BARI registry, in which the revascularization modality was selected by the attending clinician, showed that diabetic patients had similar survival rates regardless of whether they were treated with PCI or CABG. 16 In the present study, the outcome of diabetic patients was not predicted by the revascularization modality. Restenosis has been shown to be a powerful predictor of long-term mortality in diabetics, 17 and new stenting technologies such as drug-eluting stents are likely to improve the outcome of diabetic patients by reducing restenosis. 18 In the current European Society of Cardiology/American College of Cardiology guidelines, 19 AMI with cardiogenic shock is listed as a class IA indication (ie, a condition for which there is evidence for and/or general agreement that a given procedure/treatment is useful and effective) for PCI and a class IA indication for CABG if the patient has suitable coronary anatomy. However, emergency CABG is not widely considered an integral part of contemporary management of patients with cardiogenic shock. In the SHOCK trial, 4 which provided the evidence base for the guideline recommendations, 36.7% of patients with left ventricular failure who were assigned to emergency revascularization had CABG as their initial revascularization procedure. Recent data from the National Registry of Myocardial Infarction indicate that CABG is underused in patients with cardiogenic shock, with only 4.9% having early CABG in 2001. 20 This underuse may reflect the logistical difficulties of arranging emergency CABG for patients with cardiogenic shock, especially at night or during weekends.
Findings from the SHOCK trial registry showed that revascularization was associated with lower in-hospital mortality in patients with cardiogenic shock. 21 In this registry of 884 patients with predominant left ventricular pump failure, 276 (31.2%) had PCI and 109 (12.3%) had CABG. The in-hospital mortality rates were 78.0% in patients treated medically, 46.4% in those treated with PCI, and 23.9% in those treated with CABG (PϽ0.001). Patients with singlevessel disease had similar in-hospital mortality rates regardless of whether they were treated with PCI or CABG (32.9% versus 33.3%). Patients with 2-vessel disease had higher in-hospital mortality with PCI than with CABG (42.2% versus 17.7%; Pϭ0.025), as did patients with 3-vessel disease (59.35% versus 29.6%; PϽ0.0001).
Unlike the SHOCK trial, the SHOCK trial registry was nonrandomized, and patients who had diagnostic angiography had more favorable hemodynamic findings than those who did not have angiography, resulting in a selected population. 22 No other randomized trials comparing revascularization with medical treatment in patients with cardiogenic shock have †Complete revascularization was defined as successful PCI of all segments with Ն50% stenoses in the proximal halves of the right coronary artery, left circumflex artery, left main coronary artery, left anterior descending coronary artery, and any previous grafts (data available on only 78 patients).
‡Most of the data on abciximab use were collected on a stenting data collection form instituted partway through the trial. If abciximab was used primarily in patients receiving stents, the percentage of patients receiving abciximab may have been overestimated because patients not receiving stents may have had missing data for this variable.
included CABG as part of the initial revascularization strategy. The Swiss Multicenter Trial of Angioplasty for Shock (SMASH) 23 was terminated early for logistical reasons after 55 patients had been randomized to receive either PCI or medical treatment, and CABG was performed in only 1 patient.
The SHOCK trial protocol recommended PCI only for the infarct-related stenosis, and only 13.6% of patients had emergency PCI on Ͼ1 vessel. Given concerns about the possibility of continuing ischemia in other territories and the higher procedural success rates now achieved with more frequent use of stenting and glycoprotein IIb/IIIa inhibitors, it may be appropriate to also treat additional stenoses during the index procedure. 24 However, PCI of non-infarct-related stenoses may cause deterioration in coronary flow as a result of embolization of plaque or compromise of side branches in both the infarct and noninfarct zones, thereby impairing collateral blood supply to the infarct zone. In the SHOCK trial, multivessel PCI was associated with a worse outcome than single-vessel PCI. 12 This finding may have been confounded by a treatment selection bias in that some patients had PCI rather than CABG because they were considered poor surgical candidates for various reasons.
The procedural success rate of 77.2% in patients who had emergency PCI 12 is similar to rates observed in other studies of patients with cardiogenic shock. 8, 11 Although there have been many advances in PCI (including stenting, 12 which reduces reintervention rates, and adjunctive use of glycoprotein IIb/IIIa inhibitors), [25] [26] [27] [28] patients with cardiogenic shock still have a lower likelihood of successful PCI than patients without shock. 4,8 -11 For example, a recent German registry study of 1333 patients with cardiogenic shock reported that PCI achieved TIMI 3 flow in only 75.2% of patients. 29 In Numbers in parentheses are IQRs. *These data were judged by the surgeon at the time of CABG. †Data on perfusion time, cross-clamp time, concomitant valve procedures, and cardioplegia were collected in only 36 patients after institution of a cardiac surgery data collection form partway through the trial.
‡More than one type of cardioplegia was used during some procedures. another study of 369 patients with ST-elevation AMI (including 23 patients with cardiogenic shock), drug-eluting stents were compared with bare metal stents and resulted in similar postprocedural vessel patency rates and 30-day complication rates. Patients receiving drug-eluting stents had no increase in stent thrombosis and were less likely to require reintervention within 300 days of follow-up. 30 In the SHOCK trial, only 37% of patients received stents, and only 69% received abciximab. A prospective registry study of patients having PCI for cardiogenic shock at the Cleveland Clinic 27 showed that stenting increased the likelihood of TIMI grade 3 flow and that adjunctive use of abciximab with stenting increased the survival rate at 1 year. 27 In the Abciximab Before Direct Angioplasty and Stenting in Myocardial Infarction Regarding Acute and Long-Term Follow-Up (ADMIRAL) study, 31 25 patients presented with cardiogenic shock. Those given adjunctive abciximab before stenting tended to have a lower 6-month event rate (death, AMI, or urgent target-vessel revascularization) than those given a placebo (9.1% versus 28.6%; Pϭ0.23). In the Platelet Glycoprotein IIb/IIIa in Unstable Angina: Receptor Suppression Using Integrilin Therapy (PURSUIT) trial of eptifibatide in patients with non-STsegment elevation acute coronary syndromes, 237 patients developed cardiogenic shock after enrollment. Those given eptifibatide had a lower 30-day mortality rate than those given a placebo (adjusted odds ratio, 0.51; 95% CI, 0.28 to 0.94). 28 In the SHOCK trial, 84.8% of patients treated with CABG received Ͼ1 graft. Left internal mammary arterial grafts were used in 15.2% of patients. In 87.2% of patients, the surgeons judged that complete revascularization had been achieved. Greater use of arterial grafts and advances in cardioplegia and anesthesia might produce even better results than those observed in this trial. 
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This analysis had a number of limitations, including the nonrandomized nature of the study and the small number of patients in each treatment group. The treatment strategies used and the time to treatment (particularly in the CABG group) may not be representative of contemporary practice. In addition, multivessel PCI was performed infrequently, and the degree of revascularization achieved was less than that currently recommended. 24, 32 It is not yet known whether a strategy of acute stenting of the culprit vessel in AMI with subsequent elective treatment of nonculprit stenoses is preferable to complete revascularization in the acute phase. The next logical step would be to perform a randomized comparison of emergency CABG and emergency PCI in patients with cardiogenic shock, including liberal use of drug-eluting stents and glycoprotein IIb/IIIa inhibitors.
Conclusions
Among patients randomized to emergency revascularization in the SHOCK trial, those selected for CABG were more likely to have diabetes and to have more severe coronary disease than those selected for PCI. Despite this disparity in risk factors between the 2 groups, the survival rates at 30 days and 1 year were similar. In cases in which PCI is unlikely to achieve complete revascularization or there are associated mechanical complications or left main or severe 3-vessel coronary disease, CABG should be performed. Emergency CABG is an important component of an early invasive strategy in patients with cardiogenic shock.
